~-[~H l F u c o s e (1.4pCi/mg of synaptosomal protein: sp. radioactivity 6.7Ci/mmol) and various concentrations of L-fucose were incubated with Ficoll-prepared synaptosomes. After lysis, fraction S was assayed for protein content and radioactivity.
Chronic manganese toxicity produces Parkinsonian-like symptoms in man and other primates. The associated pathological findings, such as decreased striatal concentrations of dopamine and its metabolites, can be readily reproduced in laboratory animal models (e.g. the rat and the rabbit) of manganese encephalopathy (Cotzias et al., 197 1) . The neurotoxicity of manganese in vitro has not been extensively studied. Since the synaptosomal preparation is a suitable model in vitro for examining the effects of metals on neurotransmission (Silbergeld, 1977) , we have used this preparation for studying the effects of Mn2+ on different aspects of synaptic structure and function. Mn2+ was found to be much more potent as an inhibitor of synaptosomal (Na+ + K+)-activated ATPase activity than of Mg2+-activated ATPase activity (Lai et al., 1979) . This is consistent with the complete and reversible abolishment by the metal of all monosynaptic and polysynaptic potentials derived from the dorsal roots and the ventral columns (Shapovalov et al., 1979) . We also found that Mn2+ inhibited synaptosomal uptake of choline, noradrenaline, dopamine (Lai et al., , 1979 and serotonin (J. C. K. Lai, L. Lim & A. N. Davison, unpublished work) ; however, in this respect, Mn2+ appeared to show some selectivity in that it was a more effective inhibitor of choline uptake. In the present communication we report on the kinetics of the inhibition of synaptosomal dopamine uptake by Mn2+.
Forebrain synaptosomal uptake studies were carried out by using the method of Nicklas et al. (1973) as detailed elsewhere (Lai et af., 1978 (Lai et af., , 1979 . In these studies 11 different concentrations of ['Hldopamine were employed in the range 2 0 n~-2 p~. In the absence of Mn2+, the results were derived from the means for four to six experiments. In the presence of MnCI,, the data were from the means for two to three experiments. In each experiment triplicate determinations were performed.
The kinetic constants were calculated from the LineweaverBurk plots by using linear regression analyses. An alternative method, the graphical procedure of Eisenthal & CornishBowden (1974) , of analysing these data gave essentially the same results.
The two systems of synaptosomal dopamine uptake
The Lineweaver-Burk plot for dopamine uptake was a curve. This could be resolved into two linear components, systems 1 and 2. System 1 was the high-affinity low-capacity component with K,, = 46 nM and V,,,. , = 4.6 pmol/min per mg of protein.
System 2 was the low-affinity high-capacity component with K,,= 1 . 2~~ and Vmax.2= 16.7pmol/min per mg of protein.
The K, values were in good agreement with those reported by .
Inhibition of dopamine-uptake system I by Mnz+
The double-reciprocal plots of dopamine uptake in the presence of 5 0 p~ and 2mwMn2+ respectively and the same plot of dopamine uptake in the absence of Mn2+ intersected at the same point on the ordinate, indicating that Mn2+ inhibited this system of dopamine uptake competitively. This suggests that either Mn2+ interacts with dopamine directly or with the dopamine-uptake site.
Inhibition of dopamine uptake 2 by Mn2+
The Lineweaver-Burk plots of dopamine uptake in the absence and presence of ~O P M -, 1 5 0 ,~~-and 500pM-Mn2+ appeared to indicate that Mn2+ inhibited this system uncompetitivel y.
Our results indicate that Mn2+ acts on the high-affinity dopamine-uptake system as a competitive inhibitor, whereas it is an uncompetitive inhibitor of the low-affinity system. It is also apparent that Mn2+ interacts with the dopamine-uptake systems in ways different from Cd2+ (Lai et al., 1980) . Furthermore, the interactions of both Mn2+ and Cd2+ with these uptake systems are different yet again from those of A13+ (J. C. K. Lai, unpublished work). Cadmium is toxic to the nervous system in man and other animals (Rastogi et al., 1977). Chronic cadmium toxicity in the rat leads to increases in spontaneous motor activity as well as increases in striatal tyrosine hydroxylase and midbrain tryptophan hydroxylase activities (Rastogi et al., 1977) and decreased ligand binding to striatal muscarinic receptors (Hedlund el al., Cd2+ in oitro is about two orders of magnitude more potent (Lai et al., 1979) as an inhibitor of cerebral (Na++K+)-dependent ATPase than of renal (Na+ + K+)-dependent ATPase (Nachay & Saunders, 1977) . The synaptosomal preparation is a useful model in oitro for studying the effects of metals on neurotransmission Silbergeld, 1977; Lai et al., , 1979 . Prakash et al. (1973) observed that the synaptosomal uptake of choline and noradrenaline was inhibited by the same transition metal ions (especially Hg2+, Cu2+ and Zn2+) that inhibited the (Na+ + K+)-dependent ATPase activity, thus lending some support to the 'ionic-gradient hypothesis' (see Prakash et al., Lai et al., , 1979 , for full discussion). However, in contrast with their results, our finding that Cd2+ and AP+ inhibited synaptosomal uptake of choline, noradrendine and dopamine , but did not show parallel inhibitory effects on the synaptosomal (Na+ + K+)-dependent ATPase activity (Lai et al., 1979) , appears to directly contradict the ionic-gradient hypothesis. More recently we have also noted that both Cd2+ and A13+ inhibit synaptosomal uptake of serotonin (J. C. K. Lai, L. Lim & A. N. Davison, unpublished work) . In the present communication we report the kinetic aspects of the inhibition of synaptosomal dopamine uptake by Cd2+.
The synaptosomal fraction was prepared from the forebrains of four adult male Wistar rats as described previously (Lai et al., 1977) with slight modification (Lai et al., , 1979 Booth & Clark, 1978) . None of the media used in this isolation procedure contained EDTA.
The synaptosomal uptake studies were carried out by using the procedure of Nicklas et al. (1973) as detailed elsewhere (Lai et al., , 1979 .
The data on [3H]dopamine in the absence of Cd2+ were means for four to six experiments. Results of [ 3Hldopamine uptake in the presence of Cd2+ (CdCl,) were means for two to three experiments. In each experiment determinations were done in triplicate.
The two components of synaptosomal dopamine uptake
The Lineweaver-Burk plot for dopamine uptake produced a curve that could be resolved into two linear components, with 1979). K,,, values of 4 6 n~ (K,,,, for uptake system 1) and 1 . 2~~ (K,,,, for uptake system 2) respectively. These values agreed well with those reported by . The corresponding values for dopamine uptake were: 4.6pmol/min per mg of protein (V,,,.,, , for uptake system 1) and 16.7pmol/min per mg of protein (V,,,,,, , for uptake system 2).
Inhibition of dopamine-uptake system 1 by Cd2+
The double-reciprocal plots appeared to indicate that Cd2+ (at 250 and 500pM) was an uncompetitive inhibitor of dopamineuptake system 1.
Inhibition of dopamine-uptake system 2 by C&+
From the Lineweaver-Burk plots it was evident that, at 50 and 2 5 0 p~, Cd2+ acted as an uncompetitive inhibitor of dopamine-uptake system 2. At the higher concentration of 5 0 0 p~, Cd2+ became a non-competitive inhibitor of dopamineuptake system 2.
From our results it is apparent that Cd2+ interacts with the two dopamine-uptake systems in different ways. Cd2+ is an uncompetitive inhibitor of the high-affinity dopamine-uptake system, whereas Cd2+ inhibits the low-affinity dopamine-uptake system both uncompetitively and non-competitively depending on the concentrations of Cd2+. There are some suggestions that CdW exerts its inhibitory effects by tightly binding to thiol groups .
